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[0001] 



LOW WEAR AND LOW FRICTION 
COATINGS FOR ARTICLES MADE 
OF LOW SOFTENING POINT 
MATERIALS 

Background of Invention 

1 . Field of the Invention 

relates to surface coatings for surfaces of low softening 



[0002] The present invention 

point materials that reduce the wear and friction of the surface and, more particularly, 
t0 anti-friction and anti-wear coatings compositions and methods for coating art.c.es 
m ade of low softening point materials, such as high density polyethylene (HOPE), and 
to coated articles made of low softening point materials. 

[0003] 2. Background Art 

[0004] The bearing surface of many parts in the automotive and other industries are 
subject to friction and wear as a resu.t of their bearing surface rubbing aga.nst a 
counter surface. Because of the wear and stress associated with these parts, these 
parts are typically made of re.ative.y high softening point materia.s, such as stam.ess 
steel and the high temperature po.yester Hytrel • , which have softening points above 
about 450 • F. These relatively high softening point materials typically are relat.ve.y 
heavy Prior art anti-friction and anti-wear coatings have been used with great 
regu.arity to coat these parts to he.p prevent wear and friction to extend the parts 



lives. 



100051 m an effort to tedt.ce the weigh, and cos, of many articles, an effort has been 

underway ,0 repiace parts that typicaiiy have been made of teiativeiy high softening 
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point materials with parrs made 0, lighter weight materrals such as HOPE. While Che 

oremen.ioned relatively high softening point materials - — 

points above about 450 • F, the lighter weigh, materials (HOPE, tvp.ca.iy have 

ing points „, less than about 300 * F. W,,e many parts a* have .pi* been 
I I of relatively high soFtening point materials have been replaced over the years 

7l U with relatively high softening point materials that ate subject to wear an. 
fricti „„ a, their interfaces with parts m ade of relatively low softening pom, 
(ligh ,weigh« materials have no, been met wi,h great success. This is because , he an,, 
I an anU-friCon coatings ,ha, coa, the parts made of rela.ively high softenmg 
Z materials rypically have curing tenures above 350 • F. we,, — 
oftening temperatures of the iighrer weigh, materia, (HDPE) par,s. M so h 
frict ;o„ and anti-wea, coatings ,ha, have tyP-IIV been used to coa, the high, 
"Ig poin, metals would not be accep.able for coating the lighter weigh, lower 
softening point material parts. 

Accordingly, it would be desirable to provide an anri-wear and anti-friction 
J„ common ,ha, would be suitable for use with parts nrade o, materials such 

, u. ,„rt h.vp relatively low softening points, 
as HDPE that are relatively lightweight and have relatively 



Summary of Invention 
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[0008] 



Tns present invention relates to an an„-fric.ion and anti-wear coatmg 
co.posi.ion for use with parrs made of materials ,ha, have 
about BOO • F. The coating composirion comprises a mixrure of ,0 sol,d lubricants 
uprising boron nitride, graphite and molybdenum disulfide. „i, one or more 
ramose, resins. ,iii» catalyst for curing the resin. and ,iv, a solven, system 
comprising highly volatile solvents. 

Tne present invention also relates to a method of coating high densiry 
polyethylene (HOPF, parrs and parts made from other low softening poin, materia, 
2 an and-friction and anthwear coating composition tha, comprises a mixture of ,„ 
I d b-icants comprising boron nirride. graphite and molybdenum disuifide, one 

comprising highly volatile solvents. 
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,„009, The present invention also relates ,0 articles made of low softening point 

' J W ate coated with the cored producing of the coat,n g compos.bon 

described herein. 

Detailed Description 

[00 ,0, The present invention reiates to a liguid anri-friction and an,,-wear coating 
^position that can he readiiv deposited at low temperate (i.e.. fro. room 
tem erature to abou, 200 • F, in a thin film that presents a low coefficient of ,c ,o. 
and ,ha, is curable to form a coating tha, has durabilicv a. high temperatures „.,. 400 
• t0 70 0 • F) and has good load bearing capabilities. The coating composition ,s 
rel a«ve,y low in viscosirv and preferablv has a viscosity of between about .0 S 
centipoise a, 25 • C, more preferabiy between aboot ,0 and 60 cen„po,se a. 2S C. 
and most preferably between about , 5 to 50 cen.ipoise at 25 C. 

The coating composition is comprised of a mixture of solid lubricants comprising 
bor on nitride, graphite and molybdenum disulfide, one or more thermoset res ms 
catalys, for curing rhe resin, and a solvent system comprising highly voiahle solvents. 

Preferably, the solid lubricant mixture is present in the composition in an amount 
„ abou, 1 2 to 3 5 weigh, percent of ,he <otal weigh, of ,he composition more 
pr eferably abou, 1 5 ,o 28 weigh, percent and mos, preferabiy about 20 ,o 23 we g* 
ercen , Preferably, the thermose, resins are present in ,he composition ,n an amoun, 
„, abou, , 5 to 30 weight percent of rhe ,o,a, weight of the composition, more 

L,y abou, f 8 ,0 26 weigh, percent, and most preferably about 2 , ,o 24 we,g 
percent referably, rhe solvent system is present in ,he composition in an amount o 
bout 35 ro 25 weigh, percent of the ,o,a, weight of ,he composition, more prefer bly 
about 45 ,0 65 weigh, percent and mos, preferably abou, 52 ,0 58 weigh, percent 
The solid lubricants should preferably consrirure about 30-70% by weight of the 
cu red coadng. The graphite should preferably confute abou, 25-58, by weigh, o 
*. soiid lubrican,, rhe molybdenum disulfide ,MoS , , should preferably cons ure 
about 25-58% of the solid lubricants and the boron nitride <BN> sbouid preferably 
constitute about 7-,6%of rhe solid lubricants. The solid lubricants can also compr.se 
abou, 5-20% by weigh, of UF. CaF 2 WS 2 . a eurectic of LiF/CaF 2 o, LiF/NaF ? . 



[0012] 
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[0015] 



[0016] 



[0017] 



size of about 0.3-10 microns. 

des for a temperature stability up to temperatures as high as 
The mixture prov.des for a tempe pyce i| en t oil 

attraction capability. The mixture of graphite my 

=::rrr:::::::—.--.r 
~~~r-:::rr::r:r::"- 

molecular weight polymer and a tenden y ^ 
enhanced oil affinity propert.es and h.gh forma)dehyde , alkyd polyester, 

: Lh polymer or resin may he minera, sp* 0, bucy, acetate. 

Ho. aiso preferably contains a curing agent present in an amount of 
Th e composition a,so r f ^ ^ ^ ^ a , s0 

,. 5W , % of the common such a d ^ 

rri:::—-».... — 

% suchas2,4,6tridimeth.amin 0 ethylphenol. 

nr more hjqhly volatile solvents such as methyl 
The solvent system comprises one or more h.gmy 

■ , 5Diri ts 2-propoxy ethanol. xylene and diacetone alcohol. 

GthVl ket0n6, Im h an e vaporation/boi.ing point below about , 65 ■ F 

Pre ferab,y, the * ^ P ^ ^ ^ ^ system 

and more preferably below about 150 Fw.tr. 

/■ nhr % of the composition) comprises about 5-14% 
A P-rea —h ^ P ^ _ ^ „ „ 

graphite, about 6-17/6 MOi 2 , * 
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[0021] 



I6 25 * a vinyi butyral resin present in an amount ofabou, 0,-0.4*. a tertiary amine 
X L , in an amoun, o, about 0,-0,*. a dicyandlamide cross-linxing agen 
I , „ an amount of about > -3*. diacetone alcoho, present in an amount or about 
, *. methyl etbviene k e,one present ,n an amount o f about , 0-30*. 2 -propo 

about 6-1 8%. 

A pa.icu.aHv preferred composition comprises (in weight * of the composition) 

Jr ah outl0 1%MoS , about 3% BN, about 22.25% epoxy resin, 
about 8. 1% graphite, about 10.1 ^MOb 2> 

ab „ ut 0, 5 *v,nvi butyral resin, about 0.3* tenia, amine cata vs.. abou .3% 
d i Cy andiam, d e cross-iinxing agen, about 8.3* diacetone alcohol, about 2 0.4* methyl 

(■„.„» of the inventive solid lubricant system 
An extremely important and new feature of the 
hecein is a iower coefficient of friction at higher temperatures. W,.h the so, d film 
I In, herein, coating scuffing does no, occor even after long periods of „ 
to sever e therma, environments. The coefficient of friction for such system a. SO 
„ in Che range of abou, 0.0 2 -0.03. In addition, this coating has excellent noise 
attenuation characteristics 
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The coating composition of the present invention is made by mixing the 
complrs in any suitable manner. One prefect manner for ^7 
composition comprises blending a„ the ingredients in powder form and adding 
solvents and ball/roller milling. 

M0S etc , adding to the tesin/solven, slurry in a ball o, toiler mil,. The longer the 
m:inV::e.the m o,econs,stent,s,efofmu,a,ion. A ,soi,,snecessa r y,opreyen,the 

slurry temperature from rising over 1 00 ° F. 

The coating composition, because of its low yiscosity and the use of highly volatile 
L s is cu able a, ,ow temperatures, i.e., temperatures less than 300 • , and mote 
f 1'ly a, about 3S0 • , at iengths of abou. , S-4S minutes, and mote preferably 
! 30 minutes. Because the coating composition o, ,e present invention, cu b,e 
t 5uch low temperatures, the coa.ing composition is useful for coating lightweight 
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. ,rh as HDPE that have softening points below about 300 • F as 

m ateria,s/p.ast,cs, such as HDPE, tha ^ ^ ^ ^ 

measured by suitable test procedures such as ASTM u. 

I :l maerials chat have sowing «~ — 300 ' F ™ ^ 
1 the coating composition of the present Invention. Suitable -np « of * 

elastomers such a Viton • rubber. 

Th e articles made of these low softening poln, materials tha, are coated with ,he 
coa Imposition of the present indention are idea, suited for - as componen 
that continuous, or semi-conrinuously rob against o,her component su h a, 
„ear and anti-friction coatings are ^ Zll-~ 
rontacting components. Examples of such uses include, 

i * — - - - — <™ ^ 

HOPE cartilage between the socket and ball, elastomeric seals in doors, and 
use |„ automotive and other applications such as plastic inserting door latches. 



[0026] 



Th e low softening point articles tha, are to be coated with the coating 

Imples of such suitable manners include spraying, brushing, or dip coating, t 

be understood tha, coating compositions of the pres., invention can be used 
„ coa, in addition to the articles made of low softening point materials, the 

«or CO—, article, tha, the coated articles rob either _sly 
s emi-con,inuous,v against, even if these counter, articles are mad o h ghee 
Ining point materials such as stainless steel. Addi.ionailv, it should be fu he 

ers, o that these counterpart materials could be coated with other an,, fr,™ 
Ilwear coating compositions having higher coring temperatures tha, are known 

the art. 

■ „ n thp artic i es to be coated with the coating 
[0027] The coating composition when cured on the ^ ^ 

composition of the present invention compr.se dims between 10 

the coatings being on the thinner side such as 1 0 to 1 S microns for art.cles that 

relatively less rigid such as elastomeric door seals. 



[0028] 



Example 
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~f v/^r.nus test substrates (stators) 
(ecipr oca,,n g test -I, was set to Kave a strode of 2,7 J. ,„ 

— r m r: i-rzniti— — 

each example »as a MO ted ^ ^^^^ Ks[jng 

used, for each example is set forth below in Table!. 



[0030] 



TABLE 1 




'■Cured at 250-275' for 45 minutes. 
: C ured at 250«-275«P for 45 minutes. 
^Cured at 350°F for 45 minutes. 
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about 45 mi „u t «. The coared conrposdron for 

me aspred and is shown , Tab ^ ^ ^ ^ ^ of 
the ,„ rtial ru n-,n - ra , e „ , he wear raK afte , ,he test has 

m a,eria, be.ng used. s,e V rtifc(! . Again . *. Ie ng«h 

rsrjr:— ■ 

t „ n . 275 * F Also, the coating composition of the pres 

at 250 -Li* r - M13 . fi , tam i ess steel and 

HOPE. Also, the coating compost of the p-es 

w ea, tates and fricdon coefficients than coatings ft h o 
com pos„ion when the prior art coating compos.non has been 
curing temperature of 350 ° F. 

k He for carrying out the invention has been described in detail, 
whilp the best mode tor carrymy uu 

following claims. 

„ , -a" or "an- means "on, or nrore" uniess the context reguires otherwise, 
respective plural or singular. 
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